The concept of spectral analysis of urinary reactions (a range of simple chemical tests combined with pattern analysis) is described. A preliminary study in which we used 10 nonspecific tests on untimed urine specimens from 20 controls and 20 diabetics, matched for age and sex, suggested that a combination of these tests could be used to separate diabetics from healthy subjects. This combination, however, did not prove satisfactory for a further group of 13diabetics. Closer examination revealed that factors such as therapy and glycosuria affected the results of these tests. This approach, which should extend the usefulness of urinalysis, may prove viable when larger groups, and possibly a different set of tests, are used to establish a more robust combination of tests.
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Currently accepted methods of urinalysis are limited to three main types: firstly, qualitative or semi-qualitative tests for a range of substances (e.g., hydrogen ion, protein, glucose) with use of commercial dipstick reagents; secondly, direct analyses of electrolytes and nitrogenous compounds; and thirdly, determinations of specific compounds or groups of compounds after extraction and separation procedures. The popularity of urinalysis (apart from dipstick tests) has declined, due probably to the complexity of extraction procedures and to discrediting of untimed urine specimens by the problems of interpretation associated with varying diuresis. This has occurred even though untimed specimens are noninvasive, inexpensive to obtain, and convenient for the patient, whereas 24-h collections have problems of inconvenience, patient acceptability, incompleteness, storage, and preservation.
When several analyses are performed, subtle relationships between the results are not easily discerned. In such circumstances pattern analysis might be expected to yield additional information (1, 2) , Discriminant function analysis has been used successfully on the results of serum biochemical profiles to differentiate groups of patients with different disease conditions but presenting with similar symptoms (3).
Within the field of urinalysis, Pauling and other workers have reported procedures for the detection, quantitation, and in some cases identification of many constituents of urine by chromatographic and mass-spectroscopic procedures (4-9). The metabolic profiles obtained have shown differences between groups of healthy and diseased individuals (4-7).
This type of approach, however, has several disadvantages, conditions, cost of apparatus, and speed of analysis, when its application to routine urinalysis is considered. In addition, some authors recommend that subjects receive a standard diet (4) while others claim that diet does not affect the profiles significantly (7, 8).
An attractive alternative to such chromatographic methods is a series of simple chemical tests of broad specificity, monitored at several wavelengths (spectral analysis of urinary reactions) with pattern analysis of the resulting data. Each test should ideally be capable of reacting with a variety of compounds to produce a different coloration; variations in the amounts of these compounds in urine would therefore lead to variations in the spectrum of the reaction mixture. Also, different compounds may react at different rates, affording another dimension for discrimination. This approach offers an indirect method of detecting abnormal variations in urinary constituents, and perhaps of distinguishing within a "well' population those subjects in need of more detailed, specific, and hence expensive diagnostic investigation. The aim of this paper is to outline the concept of spectral analysis of urinary reactions, to describe the results of a preliminary study of its ability to differentiate reliably between healthy controls and a group of diseased individuals, and to report difficulties that may be encountered.
Controls and diabetic patients were chosen as a model system, selected on the basis of age and sex, to minimize differences. Many of the urine specimens analyzed were from well-controlled diabetics without glycosuria, and who were therefore unlikely to be differentiated easily. Untimed urine specimens (with correction for creatinine content) were used because we believed that restriction to 24-h collections would limit the usefulness of this approach. The 10 tests described, covering several classes of urinary metabolites, not necessarily related to carbohydrate homeostasis, were chosen for their simplicity and known lack of specificity. The possibility of obtaining more information by following color development with time was ignored in this study because of lack of suitable instrumentation and data-processing facilities.
Materials and Methods

Patients and Specimens
Urine specimens were obtained from 53 men between 40 and 60 years old, constituting three groups. These were controls (20 subjects) and two groups of diabetic outpatients (20 and 13 subjects). The wines, which were not all early-morning specimens, were each divided on the day of collection into five portions, which were stored at -20 #{176}C in plastic tubes. On the day of analysis, portions were thawed at 37 #{176}C and mixed on a vortex-type mixer to redissolve any precipitate. Poges,England) and Clinitest (Ames Co.), toquantitate any glycosuria found.Creatinine was determinedby an AutoAnalyzermethod (10).
The tests detailed in Table 1 were carried out in plastic tubes and the reaction mixtures transferred to silica cells (10-mm pathlength) for scanning. All tests were read vs. blanks, except Tests 9 and 10 (read vs. water) and Test 5 (blank vs. test).
Solutions were scanned in an SP1800 double-beam spectrophotometer (Pye Unicam Ltd., Cambridge, England) within the ranges shown with use of the automatic scanning facility at 2 nm/s. Output was to a chart recorder and to a custom-built datalogger, which generated a punched paper tape of the digitized absorbances at 10-nm intervals. The tapes for each urine were collated and transferred to punched cards, for further processing of the data after correction to a creatinine concentration of 1 mmol/L.
Results
For the 20 controls and first 20 diabetics, a t-value was calculated forthe corrected absorbancesatallwavelengths foreach test. The valueswere encouraging, apartfrom those for Tests 9 and 10.These testsappeared to affordno discrimination, and were not considered further.
For each test in turn, the number of wavelengths was reduced progressively with use of stepwise discriminant analysis (11). The significance of the discrimination was thus increased, reaching a maximum between one and five wavelengths, though overlap between the two groups was also increased. Figure 1 illustrates these effects for Test 5, and Table   2 shows that the discrimination was often significant at the 0.1% level.
The best test/wavelength combinations from Table 2 were then combined, and reduced progressively, again using stepwise discriminant analysis. The resulting discriminant function is given in Table 3 , and Figure 2A shows the good discrimination with high significance (p <0.001) that was obtained, even after the exclusion of points at which absorbances were very high or low. A well-known feature of maximization techniques such as stepwise discriminant analysis, however, is that certain idiosyncratic elements in the data may acquire unwarranted importance, particularly with small and possibly unrepresentative populations. To avoid being misled by a spurious discrimination, therefore, we tested the discriminant function on a further independent set of data. Figure 2B illustrates the disappointing results of applying this function (Table 3) to the corrected absorbances from the remaining 13 diabetics' urines.
To investigate the possibility that the failure of this discriminant function was due to a real difference between the first group of diabetics and the other two groups, we plotted DISCRIMItfHr FLNCTI(1"4 SCOPE B Fig.2 .Discrimination, usingthe discriminant function of the mean values for each group vs. wavelength for each test.
Regions were found in which the second group of diabetics differed from the first group, and thus neither group can be regarded as truly representative. There were also regions in which the mean values for both groups of diabetics differed from the controls, but within-group variability was too high to permit good separation.
We then looked for reasons for the differences between the two groups of diabetics. The effects of subject age and sex had been eliminated by the experimental design, but therapy and extent of glycosuria had intentionally not been controlled. Lfl. 
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The method consists of a series of simple chemical tests of broad specificity, monitored at severalwavelengths. Monitoring at several time intervals may afford additional information. For example, in Test 3 ferric chloride is used, which reacts with aromatic phenols to form colored products. Reaction of ferric chloride with the range of phenolic compounds in urine will therefore give a range of colored products, and hence a characteristic absorption spectrum. Any differences between a normal and a disease group (in this case, diabetics) with respect to reactive phenols should be manifest in differences between the spectra. Similarly, spectral differences would also be expected if there were significant variations in amounts of the compounds detected by the other tests ( Table   It is important to check the validity of any discriminant analysis, particularly when the data used do not correspond directly to known biochemical factors. Using the discriminant function on a new set of data also provides a check on the comparability of the groups of subjects. This simple test of efficacy does not appear to have been applied in any of the studies of urinalysis cited as giving encouraging results.
The heterogeneity inherent in any population of diabetics is the most likely reason for the "non-robustness" of the discriminant function revealed by this check. No other statistical classification of the data is likely to be exempt from this lack of robustness. The group size required to eliminate the effects of this heterogeneity and establish a valid discrimination in this situation must therefore be much higher than the 20 used in this study. In addition, the test choice, which was arbitrary, may have been inappropriate. Nevertheless, the results of this preliminary study indicate that this approach, which would extend the usefulness of urinalysis, may be viable. Reagents with specificity for some of the other classes of substance found in urine are at present under investigation with a view to performing a larger study.
